Introduction 57
Gait initiation is an important part of locomotion and has been described as the 58 transient state between two steady states -standing and walking. 1, 2 This transition from 59 a quasi-static state (quiet standing) to a dynamic state (walking) is considered to be 60 governed by a motor program, as stereotyped patterns of activity, soleus inhibition and 61 tibialis anterior activation, and invariant relative timing have been demonstrated. 3, 4 62 These first phase mechanisms, namely anticipatory postural adjustments, are 63 responsible for moving the centre of pressure (CoP) under the feet backward and toward 64 the first swing limb. [5] [6] [7] In turn, CoP displacement increases anterior-posterior and 65 medial-lateral components of the ground reaction force, thereby generating momentum 66 in those directions for taking a step before the centre of mass moves out of the base of 67 support. 4, 7 Thus, the central nervous system uses stable, efficient mechanisms for 68 dealing with the inherent instability of upright bipedalism during gait initiation. 8, 9 For 69 this reason, CoP displacement backward and toward the first swing limb has been 70 identified as the postural phase of gait initiation. [10] [11] [12] [13] [14] 
71
Disturbance of gait initiation is common in patients with central nervous system 72 impairment, like stroke. In this condition, postural adjustments' dysfunction during the 73 postural phase is related to disturbance in the first step. [15] [16] [17] [18] However, despite the 74 importance of the postural phase in gait initiation performance, there has been a poor 75 standardisation of methods to identify the onset of the postural phase of gait initiation, 76 as different variables have been used: centre of mass migration and acceleration, ground 77 reaction force and CoP related variables. [10] [11] [12] [13] [14] [15] [18] [19] [20] [21] [22] Whereas studies assessing the centre 78 of mass and ground reaction force stated how the event was computed, the same is not 79 observed in studies involving CoP related variables. [10] [11] [12] [13] [14] [15] 18, [20] [21] [22] Since gait initiation is the 80 transition between standing and walking, two methods used in centre of mass 81 displacement evaluation may be transferred to CoP variables: 1) one based CoP 82 analysed anticipatory postural adjustments based on the CoP displacements in post-108 stroke participants. Based on the findings obtained by Breniere (1996) that the natural 109 body frequency (ratio between the amplitude of the centre of mass and of the CoP) is an 110 absolute invariant parameter, specific to human standing and gait, it can be 111 hypothesised that CoP displacement values calculated with the baseline-based method 112 than with the maximal displacement based method are more reliable. 29 As to the 113 secondary purpose, based on the results obtained by Brunt (1995) , demonstrating weight 114 bearing asymmetry in subjects with stroke, and by Hesse et al. (1997) , demonstrating 115 changes in temporal muscle sequence during gait initiation, it can be hypothesised that 116 post-stroke subjects present decreased CoP shift backward and toward the swing limb 117 regardless of the method used. 16, 30 118 119
Methods

120
Participants 121
Fifteen patients who had suffered a stroke at least 6 months earlier (8 females, 7 122 males) and 23 healthy participants (12 females, 11 males) participated in this study 123 (demographic descriptors can be found in Table 1 ). The mean time between their stroke 124 and the time of inclusion in this study was 24.9±11.5 months (6-40 months). All post-125 stroke participants suffered an ischemic stroke at the subcortical level (internal capsule): 126 8 of them had suffered an infarction in their left hemisphere, whereas 5 had suffered an 127 infarction in their right hemisphere. To be included, patients were required to: (1) have 128 suffered a first-ever ischemic stroke involving the middle cerebral artery territory, as 129 revealed by computed tomography, resulting in hemiparesis; (2) 
Data acquisition 161
All participants used their own regular footwear (1.5cm heel) while standing on a 162 force plate, with feet at pelvis width and with their arms by their sides. They were asked 163 to stand as still as possible and to focus on a target 2 meters away and at eye level for 30 164 seconds. After this, participants were asked to walk at self-selected speed over a 5 m 165 walkway, without explicit instructions. If a subject asked which leg to start with, the 166 researcher replied ''whatever feels natural for you,'' as lower limb preference plays an 167 influential role in the control of frontal plane body motion during gait initiation.
168
However, participants were asked to keep the starting leg consistent over all trials. A 169 trial was considered valid when the subject performed at least three steps. Each subject 170 performed three trials with rest periods of 60 seconds between each trial, when the 171 subjects remained seated. Before data acquisition, sufficient time was given so that the 172 participants became familiar with the experimental settings. 173
Data processing 174
Ground reaction force signals were low-pass filtered using a fourth-ordered 175
Butterworth filter by using a zero-phase lag with a cut-off frequency of 20 Hz. The 176 acquired force and moment of force-time series of each trial were used to calculate the 177
CoP fluctuation in the anterior-posterior (AP) and medial-lateral (ML) directions using 178 the following approximations: 179 (Table 2) . 241
Despite a tendency to lower values of ICC in the maximal displacement based method, 242 no significant differences were observed (CoPAP, p=.104; CoPML, p=.164). When 243
analyzing CV values, statistically significant differences between methods occurred in 244 both CoPAP (p=.001, (1-β)=.99, Cohen´s d=1.11) and CoPML (p=.005, (1-β)=.45, 245
Cohen´s d=.37), with higher values in the maximal displacement based method (Table  246 2). 247
In post-stroke participants, CoP displacement calculated using the baseline-based 248 method presented high to very high intra-session correlation values, while moderate to 249 high intra-session correlation values were obtained using the maximal displacement 250 based method. However, there were no significant differences (CoPAP, p=.278; CoPML, 251 p=.194). The differences in reliability between the methods were more pronounced in 252 CV values, as higher values were observed in CoPAP displacement (p=.007, (1-β)=.99, 253
Cohen´s d=1.24) in the maximal displacement based method (Table 2) . 254
Generally, CoP displacement was lower in post-stroke participants when compared 255 to healthy participants (Table 2) . Specifically, the post-stroke group presented lower 256 CoP displacement backwards (p=.031) and towards the first swing limb (p=.001) when 257 the baseline-based method was used. Despite decreased CoP displacement, post-stroke 258 participants presented generally higher values of absolute variability (Table 2) . When 259 the maximal displacement based method was used, statistical differences were only 260 observed in CoPAP displacement (p=0.007) and higher absolute variability was observed 261 in CoPAP displacement (p=.004) in post-stroke subjects when compared to health 262 participants (Table 2) . No significant differences were observed in ICC values between 263 healthy and post-stroke participants in both methods (Table 2) . 264
Nine post-stroke participants initiated gait with their contralesional limb, while six 265 initiated gait with their ipsilesional limb. Globally, a trend to decreased CoP 266 displacement and increased absolute variability was observed in both limbs of post-267 stroke participants, when compared to healthy participants, in both methods (Figure 2) . 268
No differences were observed between post-stroke participants that initiated gait with 269 ipsilesional and contralesional limbs in the baseline-based method (AP, p=.877, (1-270 β)=.13, Cohen´s d=.14; ML, p=.643, (1-β)=.09, Cohen´s d=.10) and in the maximal 271 displacement based method (AP, p=.09, (1-β)=.34, Cohen´s d=.3; ML, p=.643, (1-272 β)=.18, Cohen´s d=.24). 273
When both methods were compared as to CoP displacement, significant differences 274 were only observed in CoP displacement towards the first swing limb in subjects with 275 stroke (p=0.039). Higher values were obtained using the maximal displacement based 276 method (Table 2) . In general, a trend to higher durations of postural phase were 277 obtained with this method for CoP displacement towards the first swing limb (baseline-278 based method, 431±209ms (healthy), 563±281ms (post-stroke); maximal displacement 279 based method, 504±196ms (healthy), 631±371ms (post-stroke)), while a trend to higher 280 duration of postural phase was obtained for CoP backwards displacement using the 281 baseline-based method (baseline-based method, 548±259ms (healthy), 618±252ms 282 (post-stroke); maximal displacement based method, 366±187ms (healthy), 509±346ms 283 (post-stroke)). Despite this tendency, statistically significant differences between 284 methods were obtained for the duration of the postural phase in ML direction in subjects 285 with stroke (p=0.028). 286
Discussion 287
Generally, both methods were reliable for identifying the postural control phase of 288 gait initiation in healthy subjects. This low within-subject variability, associated with 289 the non-significant differences observed between CoP displacement obtained with the 290 two methods, demonstrates that both methods can be used to identify the postural phase 291 of gait initiation in healthy participants. These high values of intra-session reliability are 292 consistent with the evidence that the initiation of gait is accomplished by stereotyped 293 patterns of activity and consequently stereotyped trajectory of CoP displacement.
3,4 294
However, the results obtained as to absolute reliability favour the use of the baseline-295 based method over the maximal displacement based method. 296
Higher differences between methods were obtained in post-stroke participants. 297
Lower values of absolute variability were obtained with the baseline-based method 298 associated with a trend to higher values of ICC, when compared to the maximal 299 displacement based method. These findings seem to corroborate the high values of 300 reliability for CoP displacement parameters obtained in upright standing in post-stroke 301 subjects. 36, 37 In fact, this has been demonstrated to occur despite the standing balance 302 of post-stroke participants is characterised by increased CoP displacement and an 303 asymmetrical weight bearing distribution in favour of the ipsilesional limb. 36, 37 304 It has been shown that increased CoP movements during quiet standing in post-305 stroke subjects seem partly related to increased body sway and partly to exaggerated 306 corrective ankle mechanisms. 38, 39 Based on this, it seems reasonable that the baseline-307 based method is associated with lower values of CoP displacement torwards the first 308 swing limb during the postural phase of gait initiation when compared to the maximal 309 displacement based method. As there is higher CoP displacement during standing in 310 post-stroke participants, the baseline standard deviation is higher. As a consequence, it 311 takes longer to mark the onset of CoP displacement. In the present study, increased 312 duration of the postural phase in ML direction was obtained in the post-stroke group 313 when the maximal displacement based method was used. The greater the displacement 314 of CoP in baseline, the lower will be the window of gait initiation extracted by the 315 baseline method. As a consequence, CoP displacement values would be lower when 316 compared to the maximal displacement method. In this case, the maximal displacement 317 based method would possibly be more accurate to identify the CoP displacement 318 towards the first swing limb onset as the baseline method is more influenced by the 319 amount of sway during standing (baseline). In fact, when compared to healthy 320 participants, different results have been obtained in post-stroke participants with each 321 method. While lower CoP backwards displacement and lower CoP displacement 322 towards the first swing limb was observed when the baseline-based method was used, 323 no differences occurred in CoPML displacement with the maximal displacement based 324 method. The differences between control and post-stroke groups as to CoPML 325 displacement assessed with the baseline-based method may be caused by differences in 326 baseline due to differences in body sway. However, the results obtained in the present 327 study do not allow us to confirm this hypothesis. 328
Globally, the findings of the present study support the use of the baseline-based 329 method to assess in a reliable way the onset of gait initiation. However, because the 330 baseline method is more influenced by the amount of sway during standing, the 331 maximal displacement based method seems to present greater sensitivity in identifying 332 the beginning of CoPML displacement in post-stroke subjects. A higher variability of 333
CoPML displacement during standing can explain the higher sensitivity of maximal 334 displacement for detecting the beginning of CoP displacement towards the first swing 335 limb. However, future studies are required to confirm this hypothesis. 336
The lower CoP displacement backwards and towards the first swing limb, observed 337 in post-stroke participants, impairs posture stability and motor performance. 40 The 338 decrease of CoP backward displacement during the postural phase leads to lower 339 generation of forward momentum of the centre of mass and a consequent impairment of 340 gait velocity and step length. 7, 18 The dynamic stability is also compromised, as the 341 reduction of CoP shift towards the swing-leg side increase the extent to which the centre 342 of mass falls toward the swing-leg side during step execution, reducing the ML stability 343 during gait initiation. 
